To compare the diagnostic accuracy of intravoxel incoherent motion (IVIM)-derived parameters and apparent diffusion coefficient (ADC) in distinguishing between renal cell carcinoma (RCC) and fat poor angiomyolipoma (AML). Materials and Methods: Eighty-three patients with pathologically confirmed renal tumors were included in the study. All patients underwent renal 1.5T MRI, including IVIM protocol with 8 b values (0-800 s/mm 2 ). The ADC, diffusion coefficient (D), pseudodiffusion coefficient (D*), and perfusion fraction (f) were calculated. One-way ANOVA was used for comparing ADC and IVIM-derived parameters among clear cell RCC (ccRCC), non-ccRCC and fat poor AML. The diagnostic performance of these parameters was evaluated by using receiver operating characteristic (ROC) analysis. Results: The ADC were significantly greater in ccRCCs than that of non-ccRCCs and fat poor AMLs (each p < 0.010, respectively). The D and D* among the three groups were significantly different (all p < 0.050). The f of non-ccRCCs were less than that of ccRCCs and fat poor AMLs (each p < 0.050, respectively). In ROC analysis, ADC and D showed similar area under the ROC curve (AUC) values (AUC = 0.955 and 0.964, respectively, p = 0.589) in distinguishing between ccRCCs and fat poor AMLs. The combination of D > 0.97 x 10 -3 mm 2 /s, D* < 28.03 x 10 -3 mm 2 /s, and f < 13.61% maximized the diagnostic sensitivity for distinguishing non-ccRCCs from fat poor AMLs. The final estimates of AUC (95% confidence interval), sensitivity, specificity, positive predictive value, negative predictive value and accuracy for the entire cohort were 0.875 (0.719-0.962), 100% (23/23), 75% (9/12), 88.5% (23/26), 100% (9/9), and 91.4% (32/35), respectively. Conclusion: The ADC and D showed similar diagnostic accuracy in distinguishing between ccRCCs and fat poor AMLs. The IVIM-derived parameters were better than ADC in discriminating non-ccRCCs from fat poor AMLs.
INTRODUCTION
Renal cell carcinoma (RCC) is the most common https://doi.org/10.3348/kjr.2016. 17.6.853 pISSN 1229-6929 · eISSN Original Article | Genitourinary Imaging malignant renal tumor in adults, with three major subtypes including clear cell RCC (ccRCC), papillary RCC (pRCC), and chromophobe RCC (chRCC), accounting for 70-80%, 14-17%, and 4-8% of all RCCs, respectively (1) . The number of detected renal tumors has been rising, possibly due to increased utilization of cross-sectional imaging (2, 3) . However, preoperative characterization of benign and malignant renal masses is imperfect, and approximately 2-6% of the benign solid masses excised from the kidney in surgical series are angiomyolipomas (AML) (4) (5) (6) . Most renal AMLs are diagnosed by detecting macroscopic fat on computed tomography (CT) or magnetic resonance imaging (MRI) (7) . However, about 5-8% of AMLs with below Korean J Radiol 17 (6) , Nov/Dec 2016 kjronline.org Therefore, the purpose of our study was to compare the diagnostic accuracy of IVIM-derived parameters and ADC for distinguishing between common RCC and fat poor AML.
MATERIALS AND METHODS

Patients
Our Institutional Review Board waived the requirement of informed patient consent and approved this retrospective study protocol. One hundred and twenty-two patients who presented to our department with known or suspected history of renal neoplasms between May 2013 and August 2015, were included in the study. Sixteen patients were excluded on pathologic analysis due to renal neoplasms other than ccRCC, pRCC, or chRCC, including multilocular cystic RCC (n = 3), liposarcoma (n = 1), non-Hodgkin lymphoma (n = 1), clear cell papillary RCC (n = 1), Xp11.2 translocation/TFE3 gene fusion associated RCC (n = 1), unclassified RCC (n = 1), transitional cell tumor (n = 5), metanephric adenoma (n = 1), oncocytoma (n = 1), and complex cyst (n = 1). In addition, three AMLs with bulk fat were also excluded. Furthermore, patients with enhancing renal masses with lack of histopathologic correlation (n = 13), excessive motion-induced image artifacts (n = 4), and tumors < 1 cm in diameter (n = 3) were also excluded. The final study population included 83 patients with 48 ccRCCs, 11 pRCCs, 12 chRCCs, and 12 fat poor AMLs. For 4 patients with > 1 RCCs, only the largest lesion was chosen for further analysis. Fat poor AMLs in our study referred to renal masses with pathologic confirmed AML and without visible fat in cross-sectional imaging (routine MRI protocols especially the transverse T1-weighted dual-echo in-phase and out-of-phase sequences, slice thickness 3-5 mm).
Routine MRI Protocols
MRI examinations were performed with a 1.5T MRI system (Magnetom Aera; Siemens Healthcare, Erlangen, Germany). Patients were imaged in supine position by detectable fat levels on radiological study are referred to as fat poor AMLs (8) . Differentiation among ccRCC, non-ccRCC and fat poor AML is difficult but essential for treatment planning (9, 10) .
Contrast-enhanced CT and conventional MRI are routinely used in the evaluation of renal lesions. However, the use of contrast materials is contraindicated in some patients with renal functional impairment, as a result, unenhanced imaging techniques are of particular help in evaluating such patients. Diffusion-weighted imaging (DWI) derives image contrast from differences in the mobility (Brownian motion) of water in tissues without contrast administration. The degree of diffusion restriction of water molecules in tissue is quantified with apparent diffusion coefficient (ADC) in units of mm 2 /s. DWI is increasingly used in the evaluation of benign and malignant renal lesions. Renal tumors show significantly lower ADC values, as compared with benign renal lesions (11) (12) (13) (14) . However, the reported ADC values of fat poor AML shows a non-negligible overlap with that of malignant renal lesions (15) (16) (17) . In addition, contrasting results of ADC in different RCC subtypes are reported in the literature, and quantitative measurements from earlier monoexponential studies on renal masses are hardly comparable.
In 1986, Le Bihan et al. (18) proposed the principles of intravoxel incoherent motion (IVIM) and suggested that using a more sophisticated approach to describe the relationship between signal attenuation in tissues with increasing b values would enable the estimation of quantitative parameters that separately reflect tissue diffusivity and microcapillary perfusion. Previous study has shown that IVIM-DWI is more accurate than monoexponential model of DWI in discriminating enhancing and non-enhancing renal lesions (19) . In addition, IVIM-DWI is helpful for distinguishing between common RCC subtypes (20, 21) . However, to the best of our knowledge, few studies focus on the value of IVIM-DWI for distinguishing between ccRCC, non-ccRCC and fat poor AML. Data were means ± standard deviation. AML = angiomyolipoma, ccRCC = clear cell RCC, non-ccRCC = papillary RCC and chromophobe RCC, RCC = renal cell carcinoma 
MRI Analysis
Intravoxel incoherent motion-derived parameter maps (D, D*, f) were generated offline using the postprocessing program provided with WIP NO. 870 and fitting the following biexponential model (22) ) and subsequently, the resulting D as a fix parameter to fit the missing parameters.
Apparent diffusion coefficient was calculated with monoexponential fit of signal intensity using b = 0 and 800 s/mm 2 according to the following equation (22): ln (Sb) = ln (S0) -bADC, where Sb is the signal intensity for each b value and S0 is the signal intensity at a b value of zero. All image measurements (D, D*, f, and ADC) were performed on the Syngo workstation (Siemens Healthcare, Erlangen, Germany). Identification of renal lesions and selection of the representative section for region of interest (ROI) placement were performed by two radiologists (with 4 and 18 years of experience in interpreting renal MR images, respectively) blinded to the clinical and pathologic information. A freehand ROI was drawn on the enhancing solid portion of the renal lesions on D map and the same ROI was copied to the D*, f, and ADC maps at the same level automatically, on the section containing the largest tumor cross-sectional area, excluding areas of hemorrhage and necrosis by comparing with T2-weighted and dynamic contrast-enhanced T1-weighted images. All ROI placements were decided by the two readers, independently. The ADC and IVIM-derived parameters for each reader were analyzed kjronline.org by using the interclass correlation coefficient (ICC).
Statistical Analysis
The results from the more experienced reader (with 18 years of experience in interpreting renal MR images) were used for the main study analysis. Descriptive statistics were calculated for ADC and IVIM-derived parameters, and expressed as mean ± standard deviation (SD). Oneway ANOVA was used to compare the differences of these parameters among ccRCCs, non-ccRCCs and fat poor AMLs. The least significant difference analysis was used for pairwise comparison. Receiver operating characteristic (ROC) curves were generated to evaluate the diagnostic performance of ADC and IVIM-derived parameters in differentiating ccRCCs and non-ccRCCs from fat poor AMLs. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy, cut-off value, area under the ROC curve (AUC) as well as differences of AUCs were analyzed according to the method described by DeLong et al. (23) . The optimal cut-off values of ADC and IVIM-derived parameters were calculated by using ROC curve analysis to achieve the highest Youden index. The AUC, sensitivity, specificity, PPV, NPV and accuracy for differentiating non-ccRCCs from fat poor AMLs were calculated using odds ratio ( 
RESULTS
Lesion Characteristics
Of the 83 renal lesions included in this study, 48 (57.8%) were ccRCCs, 23 (27.7%) were non-ccRCCs, and 12 (14.5%) were fat poor AMLs. Baseline characteristics for each group were presented in Table 1 . The patients comprised 48 men and 35 women (mean age 52 ± 12 years, range, 28-75 years). Patients with RCCs were predominantly male and older than that of fat poor AMLs (p = 0.010 and 0.002, respectively). Mean tumor sizes of RCCs and fat poor AMLs were not significantly different (3.8 ± 1.9 cm vs. 3.4 ± 2.6 cm, p = 0.583). Histopathologic analysis was performed on specimens acquired at radical (n = 43) or partial (n = 40) nephrectomy. Fat poor AMLs were surgically resected either because of failing to differentiate from malignant renal lesions (n = 8) or because of large tumor size (n = 4). The mean interval between MR examination and surgery was 8.4 ± 12.1 days (range, 0-72 days).
ADC and IVIM-Derived Parameters
Mean values ± SD of ADC and IVIM-derived parameters of ccRCCs, non-ccRCCs, and fat poor AMLs were described in Table 2 . The ADC values were significantly greater in ccRCCs than that of non-ccRCCs and fat poor AMLs (both p < 0.010, respectively). However, ADC values of non-ccRCCs and fat poor AMLs were not significantly different (p = 0.225). The D and D* values among the three groups were significantly different (all p < 0.050), with the highest D values in ccRCCs and D* values in fat poor AMLs. The f values of nonccRCCs were less than that of ccRCCs and fat poor AMLs (each p < 0.050, respectively). However, they were not significantly different between ccRCCs and fat poor AMLs (p = 0.858). Box-and-whisker plots of ADC and IVIM-derived parameters were displayed in Figure 1 . Example maps of ADC and IVIM-derived parameters of the three groups were shown in Figures 2-4 .
ROC Analysis
Receiver operating characteristic analysis of ADC and kjronline.org IVIM-derived parameters in discriminating ccRCCs and nonccRCCs from fat poor AMLs were summarized in Table 3 and Figure 5 . 
DISCUSSION
The present study compared the diagnostic accuracy of ADC and IVIM-derived parameters for distinguishing between common RCCs and fat poor AMLs. Our results demonstrated that ADC and D showed significantly greater AUC values (AUC = 0.955 and 0.964, respectively) than those of D* and f (AUC = 0.668 and 0.506, respectively, all p < 0.010). This might be due to the specific histological growth modality and tumor cellular density of ccRCCs and fat poor AMLs. The tumor cells of ccRCCs were often interspersed with cystic and hemorrhagic areas and separated by interstitial spaces so that water could spread kjronline.org freely (25) . The greater cellular density and collagenous interstitial stroma that reduced water diffusion velocity might contribute to the decreased ADC and D values of fat poor AMLs (26, 27) . In addition, both ccRCCs and fat poor AMLs were hypervascular renal lesions, and the increased D* and f values could be explained by vascular perfusion (10). In our study, IVIM-derived parameters, especially the perfusion-related parameters (D* and f), showed greater diagnostic accuracy than that of ADC values in distinguishing non-ccRCCs from fat poor AMLs. In addition, using the OR combination of D > 0.97 x 10 -3 mm 2 /s, D* < 28.03 x 10 -3 mm 2 /s, and f < 13.6% maximized the diagnostic accuracy (91.4%, 32/35). However, the ADC values of nonccRCCs and fat poor AMLs were not significantly different (p = 0.225). One possible reason might be that both nonccRCCs and fat poor AMLs showed lower ADC values owing to compact tissue architecture and great cellular density (25, 26) . Another possible reason might be that the ADC value was calculated by monoexponential fitting of diffusion decay data, containing both the perfusion and diffusion information. The variability of renal ADC values in healthy volunteers was analyzed in a previous study (27) , the monoexponential fitting error was significantly higher than that of biexponential fittings, indicating that the monoexponential model was insufficient for renal tissues.
Although D* showed the greatest AUC value (AUC = 0.822) in differentiation between non-ccRCCs and fat poor AMLs in our study, paradoxical diagnostic value of D* was described in previous studies. Chandarana et al. (20) reported that the D* was not significantly different between different RCC subtypes. In addition, D* was not significantly different between enhancing masses and non-enhancing masses (p = 0.528) in another study (19) . The promising diagnostic value of D* in our study might be due to our strict inclusion criteria for RCCs and fat poor AMLs, carefulness in ROI selection, and improved image quality with motion correction. Evaluation of the agreement between the two readers indicated that the ICCs for D* and f were 0.748 (0.635-0.829) and 0.785 (0.686-0.855), respectively, which indicated substantial agreement. However, artefacts from great vessels and cystic areas of the renal lesions on D* maps were still inevitable. As a result, efforts should be made to improve the image quality of D* maps in order to make this parameter more reliable and reproducible.
Previous studies demonstrated that IVIM-DWI could be used to derive both perfusion and diffusion parameters of renal lesions without contrast material. A study by Chandarana et al. (19) showed that the IVIM-derived parameters were more accurate than ADC in distinguishing between enhancing and non-enhancing renal lesions; they subsequently showed the usefulness of IVIM-DWI in distinguishing some RCC subtypes (20) . In addition, the perfusion-related parameter (f value) correlated well with enhancement degree of renal lesions, accurately separating kjronline.org avidly enhancing ccRCC and chRCC from hypoenhancing pRCC and cystic RCC. Furthermore, pRCC and cystic RCC could be further separated by degree of tumor cellularity as captured by the metric D, which was higher in cystic RCC, reflecting decreased cellularity in the predominantly cystic tumor. However, only 3 cases of AMLs were included in a study using voxel-based histogram analysis of IVIM-derived parameters (28) . In our study, IVIM-derived parameters showed the possibility of simultaneously providing information about perfusion and diffusion characteristics of renal tumors and demonstrated greater diagnostic accuracy when compared with ADC in discriminating non-ccRCCs from fat poor AMLs. Although the ADC value showed significant difference between benign and malignant renal lesions in some studies (13, (15) (16) (17) This study had several limitations. Firstly, image misalignment due to respiratory motion might influence the reliability of our result because IVIM-DWI was acquired during free breathing. However, according to a recent study (35) , free breathing was recommended for liver DWI because of its good reproducibility and shorter acquisition time, as compared with that of multi-breath hold, respiratory triggered, and navigator triggered techniques. DWI of the kidney should be less affected by respiratory motion due to its location, as compared with the liver. In addition, our WIP package (NO. 870) provided by the manufacturer supported a motion insensitive PAT reference scan that was suitable for body diffusion measurements in free breathing mode. As a result, image misalignment should not be a critical problem for our study. Secondly, there were a limited number of patients with non-ccRCCs and fat poor AMLs; therefore, we provided preliminary results by using a relatively small sample size, and further studies in larger populations are warranted. Thirdly, we did not analyze conventional MR protocols (T2-weighted imaging, multiple phase contrast enhanced imaging, etc.) and did not compare IVIM-derived perfusion related parameters (D* and f) with other techniques (arterial spin labeling, dynamic contrast enhanced MR imaging, etc.) in evaluation of vascularity of renal lesions. Therefore, additional studies are required to assess the incremental benefits of the IVIMderived parameters in the evaluation of renal lesions, especially in patients with impaired renal function.
In conclusion, biexponential fit analysis of DWI could be used to explore the perfusion and diffusion characteristics of renal tumors. The ADC and D showed similar diagnostic accuracy in distinguishing between ccRCCs and fat poor AMLs. The combination of IVIM-derived parameters were better than ADC values in discriminating non-ccRCCs from fat poor AMLs.
